INTRODUCTION
Some kinds of metal-resin composite materials have been developed for dental restorations and their mechanical properties have been investigated by several researchers1-7). Hirano et al.1,2) used stainless steel particles as filler in preparing a composite for magnetic cores of fixed prostheses. Kakuta et al. 3 ) used 70%Ag-27%Sn-3%Cu metal particles as filler and 4-META (4-(2-methacryloyloxyethoxycarbonyl) phthalic anhydride) as a coupling agent between the filler particles and the resin matrix in preparing a posterior composite, aiming to improve its wear resistance and durability. Following this study, Urapepon et al.4) found that the flexural strength of this composite was improved by enhancing the bond between 4-META and the filler particles using acid-and heat-treatments on the filler particles. In these studies, an ordinary redox initiation system consisted of benzoyl peroxide (BPO) and tertiary amine was used.
Miyagawa et al. 0g of the treated Ag-Cu particles was mixed with three different amounts (0.279g, 0.226g, and 0.175g) of the prepared monomer for 20-30 sec. The mixture was filled in a 25 X 2 X 2mm PTFE-coated stainless steel mold placed on a glass plate using a syringe (C-R Syringe, Centrex Inc., CT, USA). Another glass plate was placed on the top of the mold to remove any excess material. The assembly was held together by a clamp and immersed in 37± 1°C distilled water.
One hour after starting the mixing, the specimen was carefully removed from the mold and stored in distilled water at 37 ± 1°C for 23 h. The specimen was polished using # 1500 SiC paper and its dimensions were measured before testing.
A universal testing machine (Autograph DSS-5000, Shimadzu Co. Ltd., Kyoto, Japan) was used for the flexural test at a cross-head speed of 1 mm/min.
The flexural strength and the elastic modulus under flexural stress were calculated using the formulae described in ISO 4049 : 2000.
Five replications were made for each of the nine experimental conditions. A total of 45 flexural tests were randomly carried out.
The data for the flexural strength and elastic modulus were both analyzed at the 0.05 level of significance using two-way ANOVA to analyze the effect of two factors: 4-META concentration and metal particle content. Then orthogonal polynomials were calculated using the significant terms of factors obtained from the results of two-way ANOVA as the levels of each factor were equally spaced. These orthogonal polynomials are the response functions that describe the relationship between the characteristics and their factors.
Scanning electron microscope (SEM) observation
The fractured surfaces of the prepared composite specimens after the flexural test were observed under a scanning electron microscope (JSM-T20, JOEL Co. Ltd., Tokyo, Japan) set at 15 kV of acceleration voltage from 300 to 1000 times magnif ication.
RESULTS

Working time and setting time
The mean values and standard deviations of the working time and setting time of 27 different experimental conditions are shown in Table 3 . Working times ranged from 89 sec (at 0.03% BPO, 8% 4-META and 91.5% metal particles) to 296 sec (at 0.01% BPO, 4% 4-META and 94.5% metal particles).
Setting times ranged from 130 sec (at 0.03% BPO, 8 % 4-META and 93.0% metal particles) t o 396 sec (at 0.01% BPO, 4 % 4-META and 94.5% metal particles).
The results of three-way ANOVA showed that not only did the three main factors influence the working times very significantly (p< 0.01), but also the interaction of 4-META concentration and metal particle content, as shown in Figs. 1 and 2. The higher the BPO concentration was, the shorter the working time became (Fig. 1) . Similarly, the higher the 4-META concentration was, the shorter the working time became (Fig. 2) . Compared with the 91.5% and 93.0% metal particle content conditions, the 94.5% metal particle content in the sample lengthened the working time significantly at the 4% 4-META concentration. The effects of the BPO and 4-META concentrations and the metal particle content on the setting time were almost the same as those on the working time as shown in Figs. 3 and 4. There was very significant correlation (p<0.01) between the working time and the setting time (r=0.985).
Flexural strength and elastic modulus
The mean values and the standard deviations of the flexural strength and elastic modulus of different 4-META concentrations and metal particle contents are shown in Table 4 . The flexural strength ranged from 49.6MPa (at 4% 4-META and 93.0% metal particles) to 77.8MPa (at 8% 4-META and 91.5% metal particles).
The elastic modulus ranged from 6.7GPa (at 4% 4-META and 91.5% metal particles) to 11.9 
Where E is the elastic modulus (GPa), a is the 4-META concentration (%) and b is the metal particle content (%). Fig. 6 shows the iso-value curves of the elastic modulus with the changes in 4-META concentration and metal particle content, which was drawn using the equation (2) . As shown in Fig. 6 , the elastic modulus simply increased as the 4-META concentrations and metal particle contents increased. Fig. 7 shows the scanning electron photomicrographs taken at different magnifications of the fractured surface of the composite specimen prepared at an 8% 4-META concentration and a 91.5% metal particle content. This specimen had the highest flexural strength.
Scanning electron microscope (SEM) observation
As shown in the Fig. 7C , good attachment of resin matrix to a metal particle was observed on the fractured surface.
On the other hand , the detachment of some metal particles was also observed on the same fractured surface as shown in Fig. 7A .
DISCUSSION
Previous studies8,9,12) have shown some metal particles in metal-resin composites can be involved in the polymerization system without amine. Among the tested metal particles, Ag-Cu eutectic particles had a considerable effect on the polymerization reaction of the monomer.
This was one of the reasons Ag-Cu particles were chosen. On the other hand, Ag-Cu eutectic has high ductility13) which could effectively improve the mechanical properties of the prepared metal-resin composite.
In addition, Ag-Cu eutectic particles have been well used in high copper amalgam alloy (ad-mixed type), suggesting that these particles could be clinically acceptable without hazardous effect. Based on these reasons, Ag-Cu eutectic particles were chosen as filler in this study.
As reported in previous studies by wanichacheva et al.12) and Miyagawa et al.8,9), the polymerization of UDMA can be initiated by the combination of three substances: 4-META, some metal particles and BPO. In a former study, an ionic reaction was proposed for the initiation system. Although zinc particles were used with a small amount of water in that study, a similar mechanism can be applied to Ag-Cu particles which would release copper ions. In the present study, no water was added intentionally.
However, a very small amount of water could be incorporated from the BPO product, acetone solution (99.5% purity), and moisture under these circumstances. Then 4-META could be converted into 4-MET. The carboxylic acid groups in 4-MET molecules could dissociate, and then possibly release copper cations from the metal particles. The peroxides are known to dissociate the free radicals when combined with a reducing agent such as Fe2+, Cr2+, V2+, Ti3+, Co2+, or Cu+ 14) Miyagawa et al.9) also observed polymerization in a similar system without the intentional addition of water, while the addition of a small amount of water shortened the setting time very significantly.
In the present study, the working time and the setting time of the prepared metal-resin composites significantly shortened at the higher 4-META concentration and the higher BPO concentration.
These results are in agreement with those of the previous study8) which used copper particles, indicating that 4-META and BPO concentrations are important factors promoting the polymerization reaction if metal ions are supplied from metal particles. The increase of metal particle content, mainly at 94.5% content, resulted in a longer working and setting time when the 4-META concentration was low (4%). This may be due to the decrease of resin matrix in the specimen. A decrease of resin matrix results in a decrease of 4-META which is added in the monomer.
In this study 1.0g of metal particles was mixed with 0.093g, 0.075g, and 0.058g of UDMAbased monomer, resulting in 91.5%, 93.0% and 94.5% metal particle contents. In these compositions, the total amount of 4-META is 3.7mg for 91.5% metal particle content, 3.0mg for 93.0% metal content, and 2.3mg for 94.5% metal particle content at 4% 4-META concentration.
Actually, the total amount of 4-META at 94.5% metal particle content is only 62% of that at 91.5% metal particle content. This difference must have caused the increase in working time and setting time at 94.5% metal particle content because the amount of 4-META per unit surface area of metal particles should be an important factor controlling the setting reaction rate as discussed above.
The shortest working and setting time were 89sec and 130sec and the longest were 296sec and 396sec, respectively. Most of the prepared metal-resin composites fulfilled the requirements for working time (not less than 90sec) and setting time (not more than 5min) specified in ISO4049: 2000 except for seven specimens which 
CONCLUSION
A metal-resin composite material was experimentally prepared by mixing powder consisting of Ag-Cu particles and a trace amount of BPO with paste consisting of UDMA-based monomer and 4-META in the absence of tertiary amine. The working and setting times were evaluated for different 4-META concentrations (4%, 6% and 8%), Ag-Cu particle contents (91.5%, 93.0% and 94.5%) and BPO concentrations (0.01%, 0.02% and 0.03%). The flexural strength and the flexural modulus of elasticity were also measured. The working time ranged from 89sec to 296sec. The setting time ranged from 130sec to 396sec. Twenty of the 27 conditions fulfilled the requirements for working time and setting time specified in ISO4049: 2000. The working time and setting time significantly shortened with the increase of the 4-META and BPO concentrations. The working time and setting time significantly lengthened when the metal particle content was high and the 4-META concentration was low.
The flexural strength ranged from 49.6MPa to 77.8MPa. The effects of the 4-META concentration and the metal particle content in particular on the flexural strength were significant and the flexural strength increased as the 4-META concentration increased. However, the effects of the metal particle content depended on the 4-META concentration.
The highest flexural strength was obtained when the 4-META concentration was high (8%) and the metal particles content was low (91.5%). The elastic modulus ranged from 6.7GPa to 11.9GPa, and was also significantly affected by the two main factors.
The elastic modulus increased as the 4-META concentration increased as well as the metal particle content.
The mechanical properties of experimental metal-resin composite using a new initiation system could be further improved and thus be potentially useful for posterior restorations.
